The entropy generation by nanofluid with variable thermal conductivity and viscosity of assisted convective flow across a riser pipe of a horizontal flat plate solar collector is investigated numerically. The water based nanofluid with copper nanoparticles is used as the working fluid inside the fluid passing riser pipe. The governing partial differential equations with proper boundary conditions are solved by Finite Element Method using Galerkin's weighted residual scheme with discretization by triangular mesh elements having six nodes. The effects of temperature dependent thermal conductivity and viscosity related to performance such as temperature, velocity and heat flux distributions, heat transfer rate, mean temperature and velocity, collector efficiency and mid-height temperature (dimensional), mean entropy generation and Bejan number of the nanofluid as well as base fluid are investigated systematically. The results show that the better performance of heat transfer through the collector is found by using the higher and lower values of variable thermal conductivity and viscosity respectively. Thermal efficiency improves about 8% using water/Cu nanofluid. Numerical result obtained from present study is validated with the result available in the literature.
Introduction
The fluids with solid-sized nanoparticles suspended in them are called "nanofluids". The natural convection in enclosures continues to be a very active area of research during the past few decades. Due to small sizes and very large specific surface areas of the nanoparticles, nanofluids have superior properties like high thermal conductivity, minimal clogging in flow passages, longterm stability, and homogeneity. Applications of nanoparticles in thermal field are to enhance heat transfer from solar collectors to storage tanks, to improve efficiency of coolants in transformers. Thermal conductivity and viscosity are very important properties in nanofluid heat transfer mechanism. Thermal conductivity and viscosity of fluids are temperature dependent. Elbashbeshy (2000) and Rahman et al. (2008) investigated the effects of temperature dependent thermal conductivity and viscosity. Hwang et al. (2007) studied the stability and thermal conductivity characteristics of nanofluids. In this study, they concluded that the thermal conductivity of ethylene glycol was increased by 30%. Parvin et al. (2012) analyzed thermal conductivity variation of water-alumina nanofluid in an annulus where two thermal conductivity models namely were used to evaluate the heat transfer enhancement in the annulus. Roslan et al. (2011) investigated heat transfer in a naonofluid filled trapezoidal enclosure with variable thermal conductivity and viscosity. They found that the effect of the viscosity was more dominant than the thermal conductivity. Effects of variable viscosity and thermal conductivity of CuO-water nanofluid on heat transfer enhancement was analyzed by Abu-Nada (2009) and Molla et al. (2012) . Measurement of temperature-dependent thermal conductivity and viscosity of TiO 2 -water nanofluids was conducted by Duangthongsuk and Wongwises (2009) . Their result showed that thermal conductivity of nanofluids increased with increasing nanofluid temperatures and conversely the viscosity of nanofluids decreased with increasing temperature of nanofluids.
Conduction convection radiation processes of a solar collector using FEA was performed by Moningi (2008) , Álvarez et al. (2010) . Tripanagnostopoulos et al. (2000) investigated solar collectors with colored absorbers. Amrutkar et al. (2012) , Dara et al. (2013) studied passive flat plate solar collector. Karanth et al. (2011) performed numerical simulation of a solar flat plate collector using discrete transfer radiation model (DTRM)-a CFD Approach. Dynamics (CFD) by employing conjugate heat transfer showed that the heat transfer simulation due to solar irradiation to the fluid medium, increased with an increase in the mass flow rate. Natarajan and Sathish (2009) studied role of nanofluids in solar water heater. The aim of their paper was to analyze and compare the heat transfer properties of the nanofluids with the conventional fluids. Enhancement of flat-plate solar collector thermal performance with silver nano-fluid was conducted by Polvongsri and Kiatsiriroat (2011) . With higher thermal conductivity of the working fluid the solar collector performance could be enhanced compared with that of water. Piao et al. (1994) studied forced convective heat transfer in cross-corrugated solar air heaters. Li et al. (2011 ), Taylor et al. (2011 ), Otanicar et al. (2009 investigated nanofluid flow heat transfer through solar collector. Struckmann (2008) prepared a project report on flat-plate solar collector where efforts had been made to combine a number of the most important factors into a single equation and thus formulate a mathematical model. Kalogirou (2004) gave a survey report based on solar thermal collectors and applications. Martín et al. (2011 ), Zambolin (2011 ), Sandhu (2013 , Karuppa et al. (2012) theoretically and experimentally performed solar thermal collector systems and components.
All thermofluidic processes involve irreversibilities and therefore incur an efficiency loss. In practice, the extent of these irreversibilities can be measured by the entropy generation rate. In designing practical systems, it is desirable to minimize the rate of entropy generation so as to maximize the available energy Hooman et al. (2008) , Shahi et al. (2011), Delavar and Hedayatpour (2012) , Khorasanizadeh et al. (2013) , Mahian et al. (2014) , Parvin et al. (2014) and Nasrin et al. (2014) .
From the literature review it is mentioned that a very few numerical works have been done introducing temperature dependent thermal conductivity and viscosity properties of nanofluid. In spite of that there is a large scope to work with nanofluid flow and heat transfer by analyzing these two properties. In this paper, the effects of variable thermal conductivity and viscosity of nanofluid through a flat plate solar collector are investigated numerically. So, the objective of this article is to present the improvement of thermal efficiency using water/Cu nanofluid due to the thermal conductivity and viscosity variation.
Physical Modeling
A longitudinal cross section of the system considered in the present study is shown in Figure 1 . The system consists of a flat plate solar collector. The numerical computation is carried on taking single riser pipe of FPSC. The glass cover is at the top of the FPSC. It is highly transparent and anti-reflected (called the glazing). The glass top surface is exposed to solar irradiation. It is made up of borosilicate which has thermal conductivity of 1.14 W/mK and refractive index of 1.47, specific heat of 750 J/kgK and coefficient of sunlight transmission of 95%. The wavelength of visible light is roughly 700 nm. Thickness of glass cover is 0.005m. There is an air gap of 0.005m between glass cover and absorber plate. Air density = 1.269 Kg/m 3 , specific heat = 287.058 J/kgK and thermal conductivity = 0.0243 W/mK. All these properties of air domain represent air of temperature at 298K. A dark colored copper absorber plate is under the air gap. Length, width and thickness of the absorber plate are 1m, 0.15m and 0.0005m respectively. Coefficients of heat absorption and emmision of copper absorber plate are 95% and 5% respectively. The riser pipe has inner diameter 0.01 m and thickness 0.0005m. The riser tube is also made in copper metal.
The working fluid in the collector is water-based nanofluid containing Cu nanoparticles. The nanoparticles are generally spherical shaped and diameter is taken as 5 nm. The nanofluid is considered as single phase flow and surfactant analysis is In the present problem, it can be considered that the flow is considered to be laminar and there is no viscous dissipation. The nanofluid is assumed incompressible. It is taken that water and nanoparticles are in thermal equilibrium and no slip occurs between them. The density of the nanofluid is approximated by the Boussinesq model. Only steady state case is considered. The computation domain is a fluid passing copper riser pipe which is attached ultrasonically to the absorber plate. The fluid enters from the left inlet and getting heat from solid boundaries and finally exits from the right outlet of the riser pipe of a flat plate solar collector. The incident radiation is considered to be the incoming solar radiation. For the study of the principal behavior of the nanofluid based FPSC, atmospheric absorption is neglected in this calculation. Once the intensity distributions are evaluated, the energy balance on the solar collector is performed and the temperature profile within it is obtained. In order to carry out these steps, some assumptions are made.
Mathematical Modeling
Let I be the intensity of solar radiation and A be any surface area, then the amount of energy received by any surface is: .
This equation is modified for solar collector surface as it is the product of the rate of transmission of the cover (τ) and the absorption rate of the absorber (α). Thus,
Then the temperature of absorber becomes higher than that of the surrounding. Some heat is lost to the atmosphere by convection and radiation. The rate of heat loss (Q loss ) depends on the collector overall heat transfer coefficient (U l ) and the collector temperature.
( )
The rate of useful energy extracted by the collector (Q usfl ) is:
It is also known that the rate of extraction of heat from the collector may be measured by means of the amount of heat carried away in the fluid passed through it. Thus ( )
where m, C p , T in and T out are the mass flow rate per unit area, the specific heat at constant pressure, inlet and outlet fluid temperatures respectively. Equation (4) may be inconvenient because of the difficulty in defining the collector average temperature. It is convenient to define a quantity that relates the actual useful energy gain of a collector to the useful gain if the whole collector surface were at the fluid inlet temperature. This quantity is known as "the collector heat removal factor (F R )" and is expressed as:
The maximum possible useful energy gain in a solar collector occurs when the whole collector is at the inlet fluid temperature. The actual useful energy gain (Q usfl ), is found by multiplying the collector heat removal factor (F R ) by the maximum possible useful energy gain. This allows the rewriting of equation (4):
Equation (7) is a widely used relationship for measuring collector energy gain and is generally known as the "Hottel-WhillierBliss equation".
The heat flux per unit area for the geometry having single riser pipe is
where N is number of riser pipe and T amb is ambient temperature outside the collector.
A measure of a flat plate collector performance is the collector efficiency (η) defined as the ratio of the useful energy gain (Q usfl ) to the incident solar energy. The instantaneous thermal efficiency of the collector is:
The 2D governing equations for laminar forced convection through a solar collector filled with water/copper nanofluid in terms of the Navier-Stokes and energy equation (dimensional form) are given as:
x-momentum equation:
y-momentum equation:
Energy equation for fluid:
Energy equation for absorber:
where,
In the current study, the viscosity of the nanofluid is considered by the Brinkman model (1952) ( )
The thermal conductivity of Maxwell Garnett (MG) model (1904) is
There are very few forms of viscosity variation available in the literature. Among them one is considered here which is appropriate for liquid introduced by Hossain et al. (2000) as follows:
where ∞ µ be the viscosity of the ambient fluid and
be a constant evaluated at the film temperature of the flow
Consider the temperature dependent thermal conductivity, which is proposed by Charraudeau (1975) , as follows
where ∞ k is the thermal conductivity of the ambient fluid and δ is defined as
The boundary conditions are:
at all solid boundaries: u = v = 0 at the solid-fluid interface:
at the inlet boundary:
at the outlet boundary: convective boundary condition p = 0 at the top surface of absorber: heat flux
The above equations are non-dimensionalized by using the following dimensionless dependent and independent variables:
Then the non-dimensional governing equations are
where The corresponding boundary conditions take the following form:
at all solid boundaries: U = V = 0 at the solid-fluid interface: 
Average Nusselt number
The average Nusselt number (Nu) is expected to depend on a number of factors such as thermal conductivity, heat capacitance, viscosity, flow structure of nanofluids and volume fraction, dimensions and fractal distributions of nanoparticles. Equation of local Nusselt number for flow through the absorber tube of solar collector can be written as
where L is the length of riser pipe, T ∆ is the difference between riser pipe surface temperature and ambient temperature, Q is the energy received or lost by the absorber pipe surface. For a flat plate solar collector constant heat flux is assigned at the absorber top surface. For water based nanofluid flow this equation becomes
The non-dimensional form of local convective heat transfer at the top surface of riser pipe is
By integrating the local Nusselt number over the top heated surface, the average convective heat transfer along the heated wall of the collector is used as
Mean bulk temperature and velocity
The mean bulk temperature and average sub domain velocity of the fluid inside the collector may be written as
, where V is the volume of the riser pipe.
Entropy Generation
The entropy generation in the flow field is caused by the non-equilibrium flow imposed by boundary conditions. In the convection process, the entropy generation is due to the irreversibility caused by the heat transfer phenomena and fluid flow friction. According to Bejan (1979 Bejan ( , 1982 Bejan ( , 1996 , the dimensional local entropy generation, s gen , can be expressed by:
In equation (23), the first term represents the dimensional entropy generation due to heat transfer (s gen,h ), while the second term represents the dimensional entropy generation due to viscous dissipation (s gen,v ). By using dimensionless parameters, the expression of the non-dimensional entropy generation, S gen can be written by:
Here S gen, h and S gen, v are the dimensionless entropy generation for heat transfer and viscous effect respectively. In Eq. (24), χ is the irreversibility factor which represents the ratio of the viscous entropy generation to thermal entropy generation. It is given as: 
It is known that the heat transfer irreversibility is dominant when Be approaches to 1. When Be becomes much smaller than 1/2 the irreversibility due to the viscous effects dominates the processes and if Be = 1/2 the entropy generation due to the viscous effects and the heat transfer effects are equal Khorasanizadeh (2013) .
Numerical Computation
The Galerkin FEM method of Taylor and Hood (1973) , Zienkiewicz (1991) and Dechaumphai (1999) is used to solve the nondimensional governing equations along with boundary conditions for the considered problem. Conservation equations are solved for the finite element method to yield the velocity and temperature fields for the water flow in the absorber tube and the temperature field for the absorber plate. The equation of continuity has been used as a constraint due to mass conservation and this restriction may be used to find the pressure distribution. Then the velocity components (U, V) and temperatures (θ, θ a ) of governing equations (18-22) are expanded using a basis set. The Galerkin finite element technique yields the subsequent nonlinear residual equations. Gaussian quadrature technique is used to evaluate the integrals in these equations. The non-linear residual equations are solved using Newton-Raphson method to determine the coefficients of the expansions. The convergence of solutions is assumed when the relative error for each variable between consecutive iterations is recorded below the convergence criterion such that 1 -6 1.0e
, where n is the number of iteration and Ψ is a function of U, V, θ and θ a .
Mesh Generation
In the finite element method, the mesh generation is the technique to subdivide a domain into a set of sub-domains, called finite elements, control volume, etc. The discrete locations are defined by the numerical grid, at which the variables are to be calculated. It is basically a discrete representation of the geometric domain on which the problem is to be solved. Figure 2 displays the finite element mesh of the present physical domain. The length and width of the computational domain are 1m and 0.0115m respectively. The computational domains with irregular geometries by a collection of finite elements make the method a valuable practical tool for the solution of boundary value problems arising in various fields of engineering.
Grid Refinement Test
An extensive mesh testing procedure is conducted to guarantee a grid-independent solution for Pr = 5.8, φ = 2%, I = 215W/m 2 and Re = 480 through a riser pipe of a FPSC. In the present work, four different non-uniform grid systems are examined with the number of elements within the resolution field: 42,010, 99,832, 1,50,472, 1,68,040 and 1,90,519 . The numerical scheme is carried out for highly precise key in the average Nusselt number for water-copper nanofluid (φ = 2%) as well as base fluid (φ = 0%) for the aforesaid elements to develop an understanding of the grid fineness as shown in Table 1 . From the fourth and fifth column in the Table 1 it is observed that there is no significant change in the rate of heat transfer but time consuming. So considering the non-uniform grid system of 1,68,040 elements is preferred for the computation. This element size is taken from extra fine meshing. 
3.3.Thermo-physical Properties
The thermo-physical properties of the water and nanoparticles are taken from Nasrin et al. (2014) and given in Table 2 . 
Code Validation
The present results are verified against the existing results available in the literature.
The current numerical result is compared for collector efficiency -temperature difference [T i -T a ] profile of water with the graphical representation of Kalogirou (2004) of flat plate solar thermal collector. T i and T a are temperatures of input fluid and ambient air respectively. The computation is done taking heat transfer medium as water with irradiation level 1000 W/m 2 and the mass flow rate per unit area 0.015 kg/s. A survey report on various types of solar thermal collectors and applications was presented by Kalogirou (2004) . He presented that generally the collector efficiency linearly depended on temperature difference for a FPSC. Figure 3 demonstrates the above stated comparison. The present numerical solution may be treated as a particular case of general concept of Kalogirou (2004) . Percentage of error lies between 2%-6%.
Results and Discussion
In this section, the behavior of Cu /water nanofluid for different values of variable thermal conductivity (γ) and viscosity (ε) across a riser pipe of a flat plate solar collector are displayed. The considered values of γ and ε are γ (= 0, 1, 2, 3 and 4) and ε (= 0, 2, 5, 7 and 10) while the Prandtl number Pr = 5. Figure 4 (i)-(ii) displays the average Nusselt number (Nu) of nanofluid and base fluid for the effect of variable thermal conductivity and viscosity respectively. Thermal conduction is the spontaneous transfer of thermal energy through fluid, from a region of high temperature to a region of lower temperature. Mounting thermal conductivity variation parameter γ enhances average Nusselt number. From Figure 4 (i) it is observed that rate of heat transfer enhances by 18% and 10% for nanofluid and base fluid (clear water) with the increasing values of γ from 0 to 4. Thus if it is focused on maximizing the heat transfer coefficient, it is clear that the thermal conductivity of the water-copper nanofluid is the dominant parameter. This is because the thermal conductivity of the solid particles is higher than the clear water (without solid particles). This means that higher heat transfer rate is predicted by the nanofluid than the base fluid (φ = 0%).
1 Rate of heat transfer
But from Figure 4 (ii) it is seen that mean Nusselt number devalues for the variation of temperature dependent viscosity parameter ε from 0 to 10. The rates of heat transfer lessen by 12% and 20% for nanofluid and base fluid respectively. The thermal conductivity of nanoparticles is higher than water. That's why decreasing rate of convective heat transfer is found lower for nanofluid than clear water.
2 Mean temperature
The mean temperature (θ av ) of both type of fluids inside the riser pipe of a flat plate solar collector for the effect of temperature dependent thermal conductivity and viscosity parameters are displayed by the Figure 5 On the other hand, for escalating viscosity variation parameter (ε) the friction among fluid particles rises. As well as mean temperatures of fluids enhance. θ av for nanofluid is higher in Figure 5 (i)-(ii) with compared to that of base fluid. This is due to the fact that temperature of nanofluid rises for the higher thermal conductivity of copper nanoparticles. Figure 6 (i)-(ii) exposes the average magnitude of velocity (V av ) of both nanofluid and clear water inside a fluid passing riser pipe of a flat plate solar collector for the effect of thermal conductivity and viscosity variation respectively. The mean velocity has notable changes with different values of γ and ε. V av enhances with increasing and decreasing values of variable thermal conductivity and viscosity respectively. It is well known that movement of highly viscous fluid is slower than low viscous fluid.
3 Average velocity
(ii) Here base fluid (φ = 0%) has higher mean velocity than the water based nanofluid having copper nanoparticles. This is expected because nanofluid that is fluid with solid concentrations does not move freely like clear water. But mid-height temperature (T) diminishes with growing ε from 0 to 10. The mean output temperature of nanofluid becomes 315K, 314K, 313K, 312K and 310K with the viscosity variation of ε = 0, 2, 5, 7 and 10 respectively.
Outlet temperature

Collector efficiency
The variation of percentage of collector efficiency as a function of the variable thermal conductivity and viscosity varies from 0 -4 and 0 -10 are exposed in Figure 8 (i)-(ii). It is observed from Figure 8 (i) that by introducing flow having more thermal conductivity variation (γ = 0 -4) the collector efficiency increases. Collector efficiency rises from 45% to 59% and from 37% to 51%for the deviation of γ from 0 -4 with Cu/water nanofluid and clear water respectively.
Consequently rising ε (from 0-10) decreases collector efficiency η (%) for both type of fluids. Percentage of solar collector efficiency (η) is higher for water-Cu nanofluid than base fluid. Collector efficiency devalues from 52% to 35% and from 44% to 27% for increasing values of temperature dependent viscosity parameter of water-Cu nanofluid and clear water respectively.
Mean entropy generation
The variations of average entropy generation (S) against variable thermal conductivity (γ) and viscosity (ε) are displayed in Figure 9 (i)-(ii). The entropy generation increases for rising γ and falling ε. The increment of temperature dependent thermal conductivity, in terms of enhancing heat transfer rate, observed in Figure 4 (i) is also obtained in terms of increasing entropy production. It is seen that for a fixed value of ε = 0, the S enhances slightly as with increasing γ. The higher thermal conductivity results in a smaller temperature gradient within the riser pipe of the flat plate solar collector, and thus the average entropy generation caused by heat transfer irreversibility increases.
(ii) The average entropy, for all considered values of ε, is higher with Cu-water and lower with water. As described above, under the absence of viscosity variation condition, the flow within the collector has higher velocity and heat transfer is dominated by viscous effect. Therefore, the mean entropy generation (S) contributions of fluid friction irreversibility and heat transfer irreversibility, respectively, are both high, and thus S is also high. However, as the temperature dependent viscosity increases, the flow velocity within the collector decreases and a lower temperature gradient is formed near the top wall surface and in the outlet. As a result, the effects of fluid friction irreversibility and heat transfer irreversibility in prompting mean entropy generation both decrease. Consequently, the S decreases slowly.
Bejan Number
Figure 10 (i)-(ii) depicts Be-γ and Be-ε profiles for the considered values of γ from 0 to 4 and 0 to 10. Increasing Be is observed for increasing thermal conductivity variation of copper nanoparticles. Finally the Bejan number (Be) approaches unity, the fluid friction irreversibility effect can be ignored.
On the other hand for a particular ε lower Be is observed for base fluid. Note that the Bejan number is found higher at the constant viscosity of fluids. Then if the viscosity property is variable in terms of temperature the Bejan number reduces.
(ii) 
Conclusion
The influences of temperature dependent thermal conductivity and viscosity on assisted convection boundary layer flow through a riser pipe of a flat plate solar collector with water based nanofluid having copper nanoparticles are accounted. Various values of above mentioned variable properties have been considered for the average heat transfer, mean bulk temperature, mean velocity, collector efficiency and outlet temperature of the pipe. For this computation Pr, φ and Re are kept constant as 5.8, 2% and 480 respectively. The results of the numerical analysis lead to the following conclusions:
• The Cu nanofluid with the highest γ and lowest ε are established to be more effective in enhancing thermal performance of collector.
• Viscosity variation decreases mean velocity of fluid.
• About 8% of enhanced thermal efficiency is obtained for thermal conductivity variation.
•
To minimize entropy generation thermal conductivity variation is set to be lower.
Bejan number approaches to 1 for thermal conductivity variation.
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